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Statement  of  the  Problem  Studied: 

Title;  Photo-Signal  Transduction  In  Motile  dilate  Blepharisma 

The  single  cell  dilate,  Blepharisma  japonicum,  is  responsive  to  a  sudden  increase  in  light 
intensity  and  is  capable  of  discriminating  colors  of  different  wavelengths  ("color  vision").  This 
remarkable  single  cell  vision  is  mediated  by  the  photosensor  molecule  called  blepharismin.  The 
objectives  of  the  research  conducted  included: 

(1)  Elucidation  of  the  chemical  structure  of  the  photosensor  molecule 

(2)  Study  of  its  photochemical  mechanism  of  action 

(3)  Exploration  of  the  light  signal  transduction  cascade  triggered  by  the  light 
excitation  of  the  photosensor  molecule 

Summary  of  the  Most  Important  Results: 

During  the  three  year  period  of  research  supported  by  the  Army  Research  Office  grant, 
the  following  important  results  have  been  obtained  to  solve  the  problem  outlined  above: 

(1)  The  chemical  structures  of  the  two  forms  of  the  Blepharisma  photosensor 
molecule,  red  and  blue  blepharismin,  have  been  elucidated  by  means  of  UV- 
visible  spectroscopy,  NMR,  FTIR  and  mass  spectrometry.  We  have  also 
determined  the  structure  of  stentorin,  the  photosensor  molecule  in  the  closely 
related  ciliate  Stentor  coeruleus.  Both  blepharimins  and  stentorin  represent  a 
structurally  unique  class  (hypericin  derivatives)  of  the  biological  light  receptor 
molecules  that  have  been  added  to  the  select  few  photosensors  that  are  known 
up  to  this  point  (i.e.,  rhodopsin,  phytochrome,  and  blue  light  crytochromes,  based 
on  retinal,  tetrapyrrole  and  flavin  as  the  chromophore  molecules,  respectively). 
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(2)  The  primary  photochemical  mechanism  of  the  ciliate  photosensor  molecules 
appears  to  be  electron  transfer  coupled  with  proton  release.  This  reaction  occurs 
in  a  few  picosecond  time  scale  in  both  blepharismin  and  stentorin.  The  resulting 
intracellular  pH  change  serves  as  an  initial  physiological  signal. 

(3)  The  light  signals  in  terms  of  intensity  gradient  and  different  wavelength  colors 
are  transduced  and  amplified  in  the  cells  via  a  transducin-like  G-protein  coupled 
to  a  cGMP-dependent  phosphodiesterase.  Activation  of  the  phosphodiesterse 
enzyme  depolarizes  the  cell  membrane  by  opening  the  voltage-dependent  calcium 
channels.  The  calcium  influx  results  in  a  transient  reversal  in  ciliary  stroke,  thus 
eliciting  the  photomotile  response  in  Blepharisma  japonicum  and  Stentor 
coeruleus. 
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